In this study, the modified zeolite with certain hydrophobicity was prepared by modifying natural zeolite by the silane coupling agents such as vinyltrimethoxysilane (VTMO), trimethoxysilane (TMS) and trimethylchlorosilane (TMCS). The modified zeolite has a higher hydrophobicity and adsorption capacity than natural zeolite while ensuring the advantages of natural zeolite, which is more conducive to the adsorption of organic pollutants from aqueous solution. The adsorption experiment on naphthalene in aqueous solution shows that the modified zeolite has a stronger adsorption capacity. In the adsorption thermodynamics experiment, the isothermal adsorption models such as Freundlich and Langmuir can better describe the adsorption of naphthalene on modified zeolite, but the isothermal adsorption model Freundlich has a higher correlation. At 303K, the static adsorption capacity is 339μg/g. The kinetic analysis shows that the adsorption of naphthalene on modified zeolite conforms to the quasi-second order kinetic model.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) belong to a kind of typical persistent organic pollutants in the environment because of its strong teratogenic, carcinogenic and mutagenic effects [1] , and once they enter the environment and ecology, they may be spread to the city's domestic water supply system through natural circulation so that the residents' physical safety may be harmed [2] , therefore, it is greatly significant for pollution prevention in the water environment in China to effectively reduce the content of PAHs in wastewater. The so-lubility of PAHs in water decreases with the increase of molecular weight, and relative to PAHs with heavier molecular weight, PAHs with lighter molecular weight is more common in the environment. Naphthalene molecule, containing two benzene rings, is a kind of white solid with pungent odor, which is widely used in the preparation of fuel, solvent, resin, etc. as raw material in the industrial field, and relative to other types of PAHs, naphthalene is more easily found in the environment, therefore a certain method and ideas can be provided for naphthalene removal in the environment if the naphthalene is taken as the target of the study.
At present, the common methods for removing PAHs in aqueous solution at home and abroad include biodegradation, advanced oxidation and adsorption [3] , among which the adsorption method, with the advantages of simple operation, high efficiency and low cost, has been one removal method [4] of polycyclic aromatic hydrocarbons in aqueous solution concerned by researchers recently.
Natural zeolites are aluminosilicate minerals; it has rich reserve and low price in China. Additionally, it also has good adsorption performance and cation exchange performance because of its huge specific surface area and abundant pore structure [5] . With continuous excavation of its use and characteristics, natural zeolite has now become a promising environmental substance. But because the natural zeolite shows stronger hydrophilicity, poorer adsorption performance of organic compounds and poorer adsorption capacity of the anion [6] , the research on applying surfactant or silane coupling agent in surface modification of natural zeolite to make up for the lack of natural zeolite has become a hot spot in recent years [7] - [12] .
In this study, the modified zeolite was obtained by modifying natural zeolite by using silane coupling agents such as trimethylchlorosilane (TMCS), trimethoxysilane (TMS) and vinyltrimethoxysilane (VTMO) and the removal effect of modified zeolite on naphthalene in aqueous solution was investigated by batch adsorption experiments. The experiments show that the modified zeolite does not only retain the structure of natural zeolite, but also enhances its ability to adsorb organic pollutants by enhancing its hydrophobicity, which is very helpful for the treatment of wastewater containing organic pollutants.
Materials and Methods

Preparation of Adsorbents
The natural mordenite used in the experiments was purchased from Gongyi, Henan, with a particle size of less than 0.15 mm. Natural zeolite in a certain quality and 2 mol/L hydrochloric acid solution were weighed, and then placed in reaction for 4 h in aqueous solution bath at 95˚C according to a solid-liquid ratio of 1:10 and centrifuged for 5 min at 4000 r/min, the deionized water was used to repeatedly wash them until the liquid pH became neutral, and then they were dried at 100˚C. After putting a certain amount of dried zeolite in the conical flask containing 24 mL anhydrous ethanol solvent, a certain amount of VTMO, TMS or TMCS were also added, then the conical flask was sealed with a sealing film and placed in 30˚C and 150 r/min constant temperature culture oscillator, and after oscillation and reaction for 8 h and then cooling, the conical flask was washed and filtrated with anhydrous ethanol, dried in 50˚C vacuum drying box and then placed in a dry dish for spare use.
Preparation of Adsorbates
Because the naphthalene (purity ≥99.7%, the United States) has a lower water solubility but is soluble in methanol, the required concentration of naphthalene solution was prepared after mixing and constant volume of an appropriate volume of stock solution from 400 mg/L stock solution prepared after dissolving the naphthalene in the methanol (chromatographically pure, Tianjin) and a certain volume of deionized water in the study. Because the methanol content in the solution is about 0.1% (v/v), the increased solubility of naphthalene in methanol is negligible [13] . The naphthalene aqueous solution with a concentration of 900 μg/L was prepared according to the water solubility of naphthalene in the study.
Analytical Instruments
The main instruments used in the experiments include HH-2 constant tempera- 
Analytical Methods
The concentration of naphthalene in aqueous solution was determined by Agilent 1100 high performance liquid chromatographic system (HPLC), and acetonitrile-water was used as the mobile phase. The optimized detection conditions were shown in Table 1 .
Adsorption Experiment
The naphthalene water solution was prepared at different concentrations and gradients, and then a certain amount of natural zeolite or modified zeolite and 50 mL naphthalene solution were added to the adsorption bottle according to a solid-liquid ratio in the adsorption kinetics. The adsorption bottle was placed in a constant temperature culture oscillator and then the oscillation and adsorption were carried out at 25˚C and 180 r/min. After a certain period of time, the con- centration of naphthalene in the solution was measured after being sampled, and then the curve that the adsorption capacity of naphthalene was changed with time and the unit adsorption capacity was changed with initial concentration of naphthalene was drawn. The adsorption capacity of naphthalene on natural zeolite and modified zeolite was calculated according to Formula (1). In order to avoid the case of naphthalene solution, the naphthalene solution was placed in a brown bottle and the adsorption experiments were carried out in a dark environment.
Co is the initial concentration of naphthalene in the solution (μg/L); Ct is the concentration of naphthalene in the solution after adsorption (μg/L); V is the volume of the solution (L); m is the dosage of zeolite (g); t q is the adsorption capacity of naphthalene on zeolite after adsorption (μg/L).
Results and Discussion
Structural Characteristics of Modified Zeolite
The XRD patterns of natural zeolite and modified zeolite were shown in Figure   1 . It can be seen that both of natural zeolite and modified zeolite had stronger characteristic diffraction peaks of SiO 2 and Al 2 O 3 and also contained some impurity peaks, but the diffraction patterns of modified zeolite and natural zeolite were basically similar, indicating that the crystal structure of modified zeolite was unchanged compared with the natural zeolite. Figure 2 showed the infrared spectra of natural zeolite and modified zeolite. It can be seen from the figure that the characteristic peaks of natural zeolite andmodified zeolite were basically the same and the bending, oscillation and ab- Figure 1 . XRD patterns of natural zeolite and modified zeolite: (1) natural zeolite; (2) zeolite (VTMO); (3) zeolite (TMCS); (4) zeolite (TMS). , but in the infrared spectrum of modified zeolite, there were two obvious absorption peaks of CH bond in the range of 2800 -3000 cm −1 , as shown in the red dotted line frame in figure, there was no obvious absorption peak in the range of the infrared spectrum of natural zeolite, indicating that the three organic modifiers had been successfully loaded on the surface of the zeolite and the shelf structure of the zeolite itself had not been changed.
The contact angle measurement of modified zeolite was shown in Figure 3 . It can be seen from the figure that the contact angle of TMCS modified zeolite was the largest among the three organic modified zeolites. Natural zeolite can quickly absorb water droplets because of its good surface hydrophobicity; therefore, its contact angle was set to zero.
TG diagrams of natural zeolite and modified zeolite were shown in Figure 4 , their situations of heat loss were basically the same, both of them began to lose weight from 40˚C, with the temperature rise, the more the loss of quality would be, and the loss rate was basically the same and kept flat, but the weight loss rates of four zeolites were almost the same, the natural zeolite had the lowest value 29.13%, and 31.75% for TMCS modified zeolite, 31.20% for TMS modified zeolite and 30.07% for VTMO modified zeolite. The weight loss of natural zeolite was mainly for the evaporation and escape of the absorbed water, crystal water, structural water and zeolite water within the zeolite with different temperatures, and for three organic modified zeolites, in addition to moisture evaporation, a part of modifiers would also be lost, the results showed that the modified zeolite had been successfully loaded on the modifier.
Adsorption Capacity of Naphthalene on Different Modified Zeolites from Aqueous Solution
The adsorption capacity of naphthalene on natural zeolite and three kinds of organic modified zeolites was as shown in Figure 5 , the figure shows that when C0 was 900 μg/L, the volume fraction was 20%, m/V was 2 g/L, T was 303 K and t was 12 h, the adsorption capacity of naphthalene on the zeolite modified by three kinds of silane coupling agents would be improved compared with natural zeolite. Among them, the VTMO modified zeolite had the highest adsorption capacity, i.e. 0.3002 mg/g, and 0.2563 mg/g for natural zeolite, therefore, the choice of VTMO modified zeolite was taken as the follow-up study object.
From the molecular structure of three modifiers in Table 2 , VTMO and TMS modified zeolites reacted with the hydroxyl group (−CH 3 O) in the molecule and the hydroxyl group (-OH) on the zeolite surface during the modified reaction so that VTMO molecules were loaded on the zeolite surface. The TMCS modified zeolite was a reactant between the Cl atom in the molecule and the hydroxyl group (−OH) on the surface of the zeolite so that the TMCS molecules were loaded on the zeolite surface. The reaction scheme was shown in Figure 6 Figure 5 . Sorption of naphthalene by natural zeolite and zeolites modified by different modifiers: (1) natural zeolite; (2) zeolite (VTMO); (3) zeolite (TMCS); (4) zeolite (TMS) Values represent the mean ± SD, n = 3. Significantly different from control: * = p < 0.05. Figure 6 . Effect of initial concentration on adsorption capacity of naphthalene on VTMO modified zeolite and natural zeolite. of them can improve the adsorption capacity of naphthalene on zeolite after modification, and the solution of VTMO modified zeolite contained more gene groups with adsorption function, while the carbon chain of vinyl was longer than methyl, which was helpful for enriching the organic matters by VTMO modified zeolite. Therefore, among the three silane coupling agents, the adsorption effect of naphthalene on VTMO modified zeolite was best.
Adsorption Isotherm
The effect of the initial concentration on the adsorption of naphthalene on VTMO modified zeolite and natural zeolite was shown in Figure 6 . It can be seen from Figure 6 that when the volume fraction was 10%, m/V was 2 g/L, T was 303 K and t was 12 h, the unit adsorption capacity would increase with the initial concentration of naphthalene.
The isothermal adsorption curves of naphthalene on VTMO modified zeolite and natural zeolite were fitted by Langmuir and Freundlich models [14] .The fitting parameters were shown in Table 3 . It can be seen from Table 3 that the adsorption capacity of naphthalene on VTMO modified zeolite and natural zeolite can well meet the Langmuir model.
On the basis of a large number of the experimental data in the previous adsorption experiments, the length of the carbon chain indicated a close relationship with the enrichment mechanism of the nonionic organic substance on the adsorbent. When the modifier was a long chain alkane with alkane group such as hexadecyl, the nonionic organic matter would be enriched in a distributed manner and the adsorption isotherm would be linear, and when the modifier was a short chain with alkyl group such as methyl or ethyl, the nonionic organic would be enriched in an adsorption manner, the adsorption isotherm would be non-linear, and Langmuir isothermal would be applicable for non-linear adsorption characteristics, which were consistent with the experimental results.
Adsorption Kinetics
The effect of contact time on naphthalene sorption by VTMO modified zeolite and natural zeolite was shown in Figure 7 . In the experiment, the adsorption process of naphthalene on VTMO modified zeolite and natural zeolite was fitted by quasi-second order kinetic model. The fitting curve and kinetic parameters were shown in Table 4 respectively.
From Figure 7 and Table 4 , it can be seen that the calculated equilibrium unit adsorption capacity ,exp e q was close to the experimental measured value q e,exp , Figure 7 . Effect of contact time on naphthalene sorption by VTMO modified zeolite and natural zeolite.
i.e. about 0.339 mg/g, the quasi-second-order kinetic model had a better fittingness for experimental data, therefore, the quasi-second-order kinetic model can describe the adsorption kinetics process of naphthalene on HAMO modified zeolite from aquatic solution.
Conclusions
1) The three kinds of silane coupling agents had been successfully loaded on the surface of acidified zeolite, the hydrophobicity of zeolite was improved to some extent, the structure of zeolite itself was not destroyed, and the heat resistance was consistent with that of natural zeolite;
2) Among the three kinds of silane coupling agent modified zeolites, VTMO modified zeolite had the best adsorption capacity of naphthalene, reaching 339 μg/g, 32% higher than that of natural zeolite. Compared with the results of other literature, the naphthalene sorption capacity of modified peat increased by more than 33% and the adsorption of phenanthrene by CPB modified zeolite increased by more than 30% [13] [15] . As known VTMO modified zeolite was an effective modifier, the adsorption behavior can be Langmuir isothermal adsorption model; the quasi-second order kinetic model can be used to represent the adsorption kinetics process;
3) The organic modification enhanced the hydrophobicity of the zeolite and its ability to adsorb organic pollutants and they can be used to treat wastewater containing organic contaminants.
